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ABSTRACT
The design and evaluation of an automated tungsten source
sensitometer are described. Design considerations are
outlined. Equipment performance is evaluated and found to
exceed the specifications developed. The unit is currently
being used to support production testing.
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I. INTRODUCTION
Sensitometry can be defined as the study of the sensitivity
of a photographic material. Four steps are necessary for the
sensitometric evaluation of a photographic product: exposure
of that material to an accurately controlled amount of
radiation, processing under regulated conditions,
measurement, and evaluation of the response.
In the manufacture of photographic materials, sensitometric
evaluation is a critical component of the quality control
process. Sensitometric tests are used to measure product
capabilities, to evaluate product consistency and to monitor
manufacturing processes. Other applications of sensitometric
testing include:
- measurement of exposure received, as in X-ray dosimetry
badges.
- monitoring of automated processing machines.
- quantification of the relative light sensitivity of
consumer products to standardize exposure conditions
for conventional photography (ISO/ASA Speeds).
Sensitometric testing requires the ability to accurately
'expose' a material with radiation of known quantity (time
and intensity) and spectral characteristics, enhance the
image through a development process and measure and quantify
the response. Every step in the process has significant
effects on the final sensitometric result; therefore, all
parameters must be well controlled.
Custom-made, specialized equipment is often used to perform
the required services for exposure, processing and reading
of sensitometric tests. This paper describes the design and
construction of an automated tungsten source sensitometer
for use in a photographic manufacturing facility.
HISTORIC
The foundations for modern sensitometric tests were built
during the latter half of the 19th century. Testing was
conducted by many scientists; however, significant
recognition was not gained until the classical work of
Hurter and Driffield. In a paper published in 1890 titled
"Photochemical Investigations and the Sensitiveness of
Photographic Plates," they describe methods for relating the
sensitometric properties of an emulsion to the original
scene illuminance.1 in the process, they developed the
analysis technique of plotting density versus log exposure.
Modern sensitometric testing is conducted for the same
reasons that motivated Hurter and Driffield: to quantify a
photographic material's responsiveness to light and relate
that to its end use. In the sensitized material
manufacturing process, this testing is conducted to maintain
product quality, monitor processes, evaluate changes and
conduct research.
Although many scientists conducted extensive sensitometric
tests prior to its invention, it wasn't until 1880 that the
first pratical intensity scale sensitometer was invented by
Warnerke. ' (^ time scale sensitometer had been developed
by Mach in 1865, but remained unpopular until the 1890's.)
Adopted by the Photographic Club in England as a "standard"
sensitometer, Warnerke's invention utilized a glass plate
with twenty-five squares of gelatin and neutral black to
attenuate light. A calcium sulfide phosphorescent plate was
used as the source and was activated by burning an inch of
magnesium ribbon in close proximity to it. After waiting a
prescribed length of time, the test sample, attenuating
plate and phosphourescent plate were sandwiched together for
n
an exposure time of 60 seconds. Warnerke's sensitometer
allowed plate manufacturers to classify the photographic
speed of their products more reliably and eliminate some of
the quesswork of photography.
In the 1890's the popularity of the Warnerke sensitometer
gave way to rotating sector wheel time-scale sensitometers,
where different exposures are achieved on the same sample by
modulating exposure time.5 Hurter and Driffield utilized the
rotating wheel sensitometer in their investigations. These
sensitometers remained popular until the 1920's and were
used extensively in the young motion picture industry.
Advancements in the state of the equipment during this
period included mechanical improvements and progress in the
development of standard light sources.
During this time two other sensitometers of importance were
introduced. In 1901, C. Jones revived the intensity scale
sensitometer using a graded density tablet fabricated by the
Woodbury type process.6 Eder-Hecht, in 1919, introduced a
sensitometer using a continuous light attenuating wedge
manufactured by a process first proposed by Goldberg in
1911. 7
Time scale sensitometers decreased in popularity as the
ability to manufacture accurate sensitometric wedges
improved. They also lost favor because of their inherent
reciprocity and intermittancy effect problems. (The law of
reciprocity states that exposure is the product of light
intensity and time. In reality, for equal exposures of
different times and light intensities, the resultant effect
on photographic materials (density) is not always equal,
thus failure of the reciprocity law. The intermittancy
effect is the inability of photographic materials to sum
multiple exposures unless the frequency of exposures exceeds
some minimum value.) Improved wedge manufacturing techniques
and awareness of the exposure effects influenced subsequent
researchers to use intensity scale instruments almost
exclusively.
Time scale sensitometers have found some applications where
spectral conditions are extremely critical; however, the
vast majority of sensitometric evaluation is conducted with
intensity scale instruments. ^
Sensitometers have been made commmercially available by many
companies including Kodak, Itek, E.G.&G., Macbeth and
Herrnfeld. E.G.&G. still markets a sensitometer but it does
not meet the exposure source requirements for this
application.
This report describes the design, construction and analysis
of an intensity scale tungsten source sensitometer with
features to provide:
- improved repeatability over the current equipment.
- automated operation.
- improved flexability.
- increased functionality.
II. EXPERIMENTAL
SPECIFICATIONS
For proper evaluation of a material, testing conditions must
be established that simulate its end use. A tungsten source
is used in this sensitometer because the products being
tested are typically used with similar illumination
conditions.
Specifications for the Tungsten source sensitometer were
developed to meet the functional requirements given below.
These requirements were established based on experiences
with the current equipment and the demands of a production
environment. They are:
Exposure Reproducibility
- Exposure-to-exposure variability +/- 1% (2 sigma/x)
within one month
Film Plane Intensity Uniformity
- Exposure uniformity at film plane +/- 1%
( edge-center/center )
Testing Flexibility
- Ten sets of continuous or step wedges
- Ten plate filters
- Ten color-correcting and neutral density filters
- Source to film plane distance of 100 cm, adjustable
+/- 20 cm
- Capability of exposing halftone targets
Compatibility
- Capable of exposing standardized size strips with
suitable exposure format
Operating Requirements
- Must perform all exposure set-up functions automatically
- Must be simple to operate
Physical Requirements
- Must fit into available space
- Controls must be easily accessible
Safety Requirements
- Must meet on-site safety criteria
DESIGN
Equipment designs were developed to meet these
specifications. A description of of the designs, including a
discussion of the factors considered, follows.
Exposure Reproducibility
Exposure reproducibility refers to the ability of the
sensitometer to produce the same effective exposure over
long periods of time. It is affected by the source intensity
and exposure time, and the control of these factors.
Several different tungsten sources are available from a
variety of manufacturers. Some sources are made specifically
for sensitometers (OSRAM Inc.); however, most sensitometers
utilize bulbs made for other purposes.
Important factors to consider when choosing a tungsten
source include light intensity, color temperature, operating
temperature, life, size, filament design, and intensity
distribution. Most manufacturers will include some basic
data; however, it is often necessary to refer to other
references such as "The SPSE Handbook"9 or -The IES Lighting
Handbook."10
A General Electric 600-watt tungsten halogen DYS bulb was
chosen as the source for this sensitometer because of its
uniform intensity distribution, its horizontal burning
position, its ability to meet life, intensity, color
temperature, and size requirements, and its compatibility
with other test facilities. The horizontal burning position
results in a folded light path and increased sensitometer
design flexibility. See engineering drawings, Appendix III.
To prolong source life and operate at the proper color
temperature, the bulb is operated between 85 and 90H of
rated wattage. Over its useful lifetime, the source is
expected to maintain light output stability to better than
5% change with constant voltage and current conditions.11
Once a source has been chosen, proper methods for
controlling the source must be developed. One method of
controlling the intensity of a tungsten source is to power
it with a well-regulated DC power supply. DC power is
recommended to minimize wear on the filament and eliminate
any possible AC flicker.12 a number of suitable DC power
supplies are commercially available to perform this
function. In this application, a Sorensen DCR-B series power
supply is used. Current and voltage control is regulated to
within 0.10H providing a theoretical change in source
intensity of approximately 0.33%.
In addition to using a regulated power supply, a monitoring
circuit was incorporated into the sensitometer to check
voltage at the bulb socket. If voltage levels drift outside
preset limits an error is signalled, and corrective measures
must be taken before additional tests can be run.
A third system for maintaining the correct light intensity
was incorporated into the sensitometer using a fiber optic
probe to sample the incident light and illuminate a silicon
photodiode. The photodiode signal is continuously monitored
and, like the voltage check, must be maintained within
preset limits for proper operation.
Reproducible exposure times are accomplished by using an
10
electronically controlled shutter. An Ilex Model Number IES
004 electronic shutter was chosen because it meets the
exposure time reproducibility requirements, the strict space
and environmental requirements, and because of its
availability. Operation of the shutter is controlled by a
specially designed board fabricated to provide the necessary
'Open'
and 'Sustaining' voltages as directed by the
electronics. Changes in exposure time are expected from
clock and mechanical errors; however, both these factors are
considered insignificant. Consideration was given to using a
photodiode to monitor light intensity and exposure time at
the film plane however Input/Output and memory limitations
of the Programmable controller prevented implementation of
this feature.
Long-term exposure stability can be affected by many
variables including drift in bulb intensity, changes in
exposure time, and fading or other changes in filter
materials. The ability to test these variables, by taking
radiometric measurements at the film plane, has been
designed into the sensitometer as a means of monitoring and
correcting long-term exposure changes.
If radiometric measurements indicate a change in source
intensity, adjustments to the source-to-film plane distance
of plus or minus 20 cm from the design distance (100 cm) are
11
possible. The adjustment of +/- 20 cm provides a theoretical
change of 1 . 56X to 0.69X the light intensity at 100 cm based
on calculations using the inverse square law.
Filter components, i.e. neutral density and color-correcting
filters, have been placed in the sensitometer to minimize
any temperature extremes. Glass absorbtive neutral density
filters, manufactured by Rolyn Optics13 (Rolyn Optics Filter
Set Number 65.0500), are used and are located closest to the
source to provide additional protection to the less stable
color-correcting filters. Glass absorbtive filters were
chosen because of their handling ease , stability and to
minimize the stray light effects sometimes produced by
reflective or interference type filters. The N.D. filters
chosen maintain good spectral properties beyond temperatures
anticipated (250 degrees C) . Specially-made Wratten filters
mounted in glass are used for modifying color temperature.
Glass mounting provides improved handling and stability. In
addition, equipment designs allow for straightforward
replacement of shutter or filters when necessary.
Light Intensity Uniformity Across Film Plane
Light intensity uniformity at the film plane is affected by
the filament design, the bulb envelope, the placement of the
12
source relative to the exposure plane and stray light.
Designs were developed to minimize the effects of these
parameters.
The bulb has a coiled coil filament (designated CC-6) with a
maximum dimension of approximately 17 mm. An illuminance
distribution for this filament design can be found in the
SPSE Handbook Figure 1.21, page 38 14 Calculations to
predict the light intensity fall-off (defined as the
intensity 10 cm off axis/the intensity calculated on axis)
are given below to provide an estimate of the bulb to
f ilmplane distance necessary to meet specifications:
TABLE I:
MAXIMUM LIGHT INTENSITY FALL-OFF AT VARIOUS
DISTANCES
METHOD
Inverse Square Law
Cos* Rule
Michelson-Scobey
15
80 cm
1.54%
3.05%
1.50%
100 cm
1.00%
1.97%
1 . 00%
120 cm
0.69%
1.57%
0.80%
The ability to adjust the source position relative to the
center of the film surface has been incorporated into the
sensitometer to account for possible differences in filament
position bulb-to- bulb.
A curved film plane surface could be implemented to minimize
13
the light fall-off however such a system generates a
significant number of design problems, including:
- attenuating wedge design.
- simple strip delivery and detections systems.
- uniform pressure suitable for the application.
- automated set-up.
Because of these problems, a flat film plane surface was
chosen and the parameters mentioned above optimized to
achieve acceptable light uniformity.
The original design used a series of apertures along the
light path to control stray light. The intent was to
well-define the illuminating cone angle, reduce the
effective source area, and better simulate a point source.
Constricting the light in this fashion, however, reduced the
amount of radiation available for sensitometric exposures
and reduced the intensity uniformity across the film plane.
Final designs incorporated one aperture and a light baffle
located near the film plane, thereby minimizing the
intensity distribution problem. (See photographs and
drawings provided in Appendicies II. and III.)
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Testing Flexibility
Because of the different photographic products being tested,
the ability to test under a variety of exposure conditions
is essential. This ability increases the value of the
instrument by performing the functions of many units,
therefore allowing consolidation. Streamlining the operation
provides many benefits in training, maintenance and the
increased feasibility of back-up instruments.
Flexibility is incorporated into many aspects of the
instrument including exposure time (0.5 to 999.9 seconds),
light intensity (approx. +/- 50% by adjusting distance, 100%
to 0.1% using ND filters), source color temperature (using
color correcting filters), Log exposure ranges (0.0-1.0 to
0.0-3.0 wedge density ranges), paired and special (spectral,
Halftone, etc. ) testing capabilities.
Two identical filter wheels are used to position the
necessary color-correcting or neutral density filters in the
light path. Each is capable of supporting nine 50.8 mm
square filters with one position for unfiltered exposures.
Accurate positioning of the filter wheel is required because
of the relative position of the filters with respect to the
15
source and exposure plane. The required positioning accuracy
is achieved through the use of a Geneva (R) gear which
positions with an angular deviation of less than one degree.
(See photographs and drawings provided in Appendicies II and
III.) The Geneva gear is driven by an AC synchronous motor
activated by a programmable controller. Filter wheel
position is monitored by a series of GE Photon Coupled
Interupter Modules which provide a binary coded position
signal for the programmable controller to interpret.
The sensitometer is designed to make paired exposures for
comparative testing. Paired testing provides a valuable tool
for A/B testing, tests that require a reference to a
control, as well as a number of other special tests.
Different exposure conditions for the two film samples are
achieved by another method of filtering the incident
radiation using "plate
filters." Plate filters are supported
in frames located close to the film to alter the exposure
characteristics of only one of the two tests. Nine plate
filters and one open position are available for use. The
mechanical aspects of automated plate filter transport is
similar to the "Wedge" transport system discussed later.
Light intensity modulation is provided by specially-made
Kodak continuous M-Type carbon wedges sandwiched in glass.
(See Appendix III.) M-Type carbon wedges are used because of
16
their spectral neutrality, low scattering effects, variety
of Log E ranges, relative permanence and format
compatibility. Wedges are supported in "wedge frames" which
are, in turn, carried in a "wedge frame rack." Rack position
is determined similarly to the filter wheel, using optically
coupled non-contact proximity switches. The rack is driven
by an AC synchronous motor and screw drive. Once the correct
rack position is established, a pneumatically driven gripper
finger pulls the wedge frame into the light path. Exposures
are made through the wedge and an "exposure mask" which
defines the strip format.
The wedge frame must support the wedges and yet provide some
flexibility when pressure is applied to the sensitometric
strip. Pressure is required for good contact with the
wedge/exposure mask combination; rubber supports provide the
required flexibility. The wedge frame must also be capable
of accepting and supporting sensitometric strips. A channel
is built into the frame to direct insertion of strips.
Supported on one side by the wedge/exposure mask, the
channel is open in the back to allow a positive pressure air
bladder to sandwich the film sample to the wedge/exposure
mask. When in the proper position, film samples are
automatically sensed by an IR photoelectric sensor. Once
they are detected, a signal is sent to the programmable
controller to initiate the exposure cycle.
17
Because of limited space, a bifurcated fiber optic probe is
used to carry the emitting and detecting beams to the film
position IR photoelectric sensor unit. Initial designs
utilized the photoelectric sensor in the "transmission mode"
signaling a sample when the beam was broken. Difficulty in
maintaining the appropriate sensitivity for all products
necessitated conversion to the "reflection mode", whereby
strips are detected when a signal is reflected off the
sample .
A special requirement placed on the equipment is the ability
to test the halftone reproduction capabilities of graphic
arts products. This requires intimate contact between film
sample and halftone targets. This is accomplished by the
"Positive Pressure Air Bladder System (PPABS)" mentioned
above. PPABS is a thin rubber membrane stretched behind the
film, and energized with pressurized air, to sandwich the
test sample against the wedge/exposure mask.
In addition to providing sensitometric and halftone
exposures the sensitometer is equipped with a variable
wavelength interference filter 16 to allow spectral
sensitivity testing. A sample result is given in Appendix
VI.
18
Compatibility With Other Test System Components
Compatibility with other test system components was designed
into the sensitometer to make it immediately useful in the
current test system and minimize scale-up difficulties.
Strip size is standardized with other components and the
sensitometer is designed to conform to these size
requirements. Exposure format is governed by the "exposure
mask"
used and can be modified to meet the requirements of a
particular application.
Physical Requirements and Ease of Operation
The sensitometer 's physical size is both a function of the
available room space and the requirements for comfortable
operation by area personnel. All controls are clearly laid
out, marked, and located within easy reach. Access panels in
the light-tight section are fastened with quarter-turn
captive screws to allow simple removal and complete access
to all internal components for maintenance. Panels over the
electronic (lower) section are affixed with quarter-turn
handle fasteners.
An essential characteristic of the sensitometer is its
simplicity in use. The equipment should be operator
19
independent to improve its acceptance, reduce operator
introduced errors and minimize the likelihood of component
mortality (broken filters, wedges etc.). The sensitometer
uses a programmable controller to establish all the
necessary set-up conditions for the exposure of an
acceptable sensitometric strip by automatically positioning
color-correcting and neutral density filters, wedges,
plates, and setting exposure time. The programmable
controller also performs self-monitoring functions to
provide acceptable exposure repeatability. To operate the
equipment the user need only know the desired "Test
Code"
and a few general rules. A copy of the operating procedures
is provided in Appendix IV.
Safety Requirements
The sensitometer is designed to prevent any hazards to
personnel or property. Fully interlocked access panels are
designed to shut down all sensitometer functions if removed
during operation; therefore, no electrical or mechanical
hazards exist during normal operation.
20
III. RESULTS
The first step in the analysis of the completed sensitometer
was to determine if mechanical functions were operating
properly. Test codes utilizing all of the wedge/plate and
filter wheel positions were input and tested. Some
deficiencies in locating the proper wedge/plate rack
position were noted and corrected. Filter wheel operation
performed flawlessly.
Preliminary exposure masks were fabricated and mounted on
the continuous wedges for initial sensitometric testing.
These tests provided the first evaluation of many
sensitometer features: film-to-mask contact, self-monitoring
functions, exposure variability, continuous strip format,
and ease of use. These initial tests were favorable from the
standpoint of providing an automated system with good
film-to-mask contact and continuous strip format. However,
they also provided the first indication of a serious
short-term exposure variability problem. Conclusions
following this initial evaluation stage were:
- the exposure variability is unacceptable.
- the sensitometer 's mechanical functions operate
properly .
- the sensitometer performs functional requirements.
- the sensitometer provides features currently
unattainable.
21
Therefore, additional analysis was necessary to determine
the source of the unacceptable exposure variability.
A series of sensitometric strips, exposed and visually
evaluated, showed a significant change in exposure. 17
Investigation revealed significant halogen deposition on the
bulb envelope. A controlled test with identical exposure
conditions was conducted in which sensitometric and
1 ft
radiometric measurements were made. Radiometric
measurments were conducted using a Photodyne 66XLA
radiometer with spectral characteristics approximating the
visual response. A plot (Figure 1) of the measured intensity
shows a 1% fall-off per exposure. Also observed was the
sensitometer
'
s inability to detect this intensity change via
its internal monitoring systems. As a result the light
sampling fiber optic was relocated to sample radiation
directed twords the film plane, resolving this problem.
Original operating programs held the source at a
"standby"
voltage level between exposures. Prototype tests indicated
bulb temperature levels at the standby voltage maintained
the halogen cycle; however, there was more cooling in the
final piece of equipment and significant halogenation
occurred due to the cooler bulb envelope. The operating
program was changed to modify the light source 'On/Off
cycle which reduced halogenation to acceptable levels. The
22
bulb is maintaind at a ramp voltage (approximatly 70 volts)
for four seconds, then increased to operating conditions for
eight seconds prior to beginning an exposure. (Appendix I.
shows a flowchart of the operating program. ) The problem was
completely eliminated by further modifications to the air
baffles and cooling fans.
FIG. 1
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Short-term exposure variability as a function of exposure
time was measured (See Table II). Unacceptable exposure
23
variability and a trend towards increasing exposure over
consecutive measurements were observed. Similar tests were
conducted over three successive days. These results showed
significant improvements in exposure variability and
reductions in the observed exposure trend (See Table II). A
specific source for these improvements was not determined;
however, it is felt that improved familiarity with testing
equipment and bulb burn-in contributed significantly.
Table II
Integrated Relative Exposure
2.5 SEC 5.0 SEC 10 SEC 20 SEC 40 SEC
Day MEAN S.D. MEAN S.D. MEAN S.D. MEAN S.D. MEAN S.D.
5/21 3.14 0.24 6.06 0.12 12.1 0.32 23.8 0.57 47.7 1.65
5/22 11.4 0.04 23.2 0.17 48.7 0.51
5/23 6.93 0.05 13.8 0.09 27.4 0.06 54.7 0.15
5/24 3.51 0.12 6.82 0.08 13.5 0.17 26.8 0.29 53.5 0.22
With confidence that the exposure-to-exposure variability
was at acceptably low levels, attempts were made to measure
the intensity differences across the film plane. A special
frame, designed to support the radiometric reading head in
various positions across the film plane, was constructed.
Initial tests yielded unacceptable exposure variability
across the film plane (defined as the maximum value minus
the minimum divided by the minimum). Investigation revealed
24
the coiled-coil source emitted radiation from the coil
supports, resulting in an uneven projected image of the
source at the film plane.19 a larger opening was made in the
light housing inner wall allowing the entire source to be
visible from every point on the film plane.
To evaluate the effect of the larger opening, a
statistically designed experiment was conducted. Exposure
values were measured as a function of day (long-term
exposure variability), test order (short-term exposure
variability), and position across the film plane. 20 All
three factors were statically significant. Concurrently,
color temperature measurements produced irregular results
Readings with red and blue filters indicated 1.1% and 2.3%
measured exposure reduction, respectively, during three
consecutive readings.
Exposure (light intensity X exposure time) was measured with
no filtration at only one film plane position. Twenty
ten-second exposures were monitored (execpt as noted all
tests were conducted with the same radiometric equipment); a
3.7% exposure fall-off with time was observed (See Figure
II).22
Extensive tests monitoring exposure and intensity (the
Photodyne radiometer as well as an E.G.&G. Model 550
25
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radiometer were used), exposure time, and source voltage and
current were conducted to determine the cause of the
observed exposure reduction. 23 Results indicated that
although voltage, current and
programmable-controller-monitored- intensity remained
constant, measured light intensity and exposure produced
similar fall-off. These results implied that a component in
the light path of the radiometers was influencing the
readings. The heat-transmitting-multilayer-dielectric
mirror was immediately suspected and replaced with a highly
polished metal reflector. Subsequent variability testing
26
produced results on the order of measuring equipment
variability (less than 1%).
Radiometric tests over a one-month period determined
long-term exposure variability (three sigma/mean) to be +/-
1.15%. Short-term exposure variability (exposures produced
consecutively) of 0.89% was calculated from the pooled
standard deviation of day-to-day results (See Table III and
Appendix V). Exposure variability across the film plane was
measured as 0.44%. Relative to current equipment, the new
sensitometer produces siginif icantly improved variability
performance. (See Table IV).
Table III
Long Term Radiometric Evaluation
Response Variable: Relative Exposure (Intensity x Time)
Standard
Day Mean Deviation % Siqma
1/10 831.00 0.96 0.12
1/14 829.20 4.08 0.49
1/16 B33.79 1.90 0.23
1/18 831.59 2.88 0.35
1/22 828.00 4.06 0.49
2/05 829.59 1.52 0.18
2/06 831.00 1.19 0.14
2/07 831.59 2.88 0.35
2/11 B26.00 0.70 0.08
2/12 827.00 1.39 0.17
Samples per day = 5
Overall mean = 829.88
Overall standard deviation = 3.19 (0.38% Sigma)
Pooled standard deviation = 2.47 (0.30% Sigma)
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Table IV
Comparison of Exposure Performance
(Three sigma/mean)
Short term variability
Long term variability
Film plane variability
*
Old
0.84%
1.59%
"10%
New
0.89%
1.15%
0.44%
Value = Maximum reading - Minimum reading/Minimum reading
Evaluation of the light intensity at the film plane with
varying source-to-film plane distances, revealed the
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capability of making intensity adjustments of more than +/-
50%. Radiometric tests comparing the actual intensity values
with predicted values indicates the source approximates a
point source over the range of distances available.
In addition to acceptance of the instrument on a scientific
basis, the equipment must be functional and acceptable to
the operating area and users. Functionality testing
(utilizing the equipment as if it were in the production
stream) was conducted over a two - week period. Operator
acceptance of the sensitometer was excellent.
29
IV. CONCLUSIONS
An automated tungsten source sensitometer was constructed.
Relative to the requirements established for the unit the
sensitometer has:
- exposure variability of 1.15% (three sigma/mean) over
one month versus objective of 1.5% (three sigma/mean)
over one month.
- exposure uniformity at film plane of 0.44% versus
objective of 1.0%.
- required testing flexibility.
- source-to-film plane adjustments capable of providing
+/- 50% light intensity.
- excellent sample-to-exposure mask contact for halftone
testing.
- approvals from the operating area and safety office.
The sensitometer provides automatic set-up of exposure
conditions. Operation of the equipment is simple enough that
operator acceptance of the unit has been excellent.
30
Use of the sensitometer has indicated that modifications to
the
- strip delivery system,
- access to internal components,
- air bladder (PPABS) removal, and
- light housing design
would make the instrument more convenient to use and/or
maintain without affecting its functionality or performance.
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GENERAL SENSITOMETER FUNCTIONS APPENDIX 33
STANDBY CONDITION |
INPUT TEST CODE (PROMPT) |<-
INPUT NUMBER OF STRIPS (PROMPTI |
STANDBY MODE
ACTUATE INPUT WITH CYCLE START
BUTTON
READ EXPOSURE CONDITIONS
(TABLE LOOK UP)- 88 POSSIBLE
CONDITIONS, 5 PARAMETERS
1
1
MOVE WEDGES/PLATES /FILTER WHEj
1 1
1
1 1
NO yes
1 1
1 j
UNABLE TO MOVE |
1
1 CORRECT WEDGE/ PLATE | | NO MOVEMENT
IIE-999 |
1 | |
NO YES
1 |
1 REPLACE WEDGE/ PLATE I | NO MOVEMENT |
1 ' 1
1
1
I LOCATE CORRECT 3ACK POSITION | ,
1
I WEDGE IN RACK
1
NO
1
1 |
YES
1 |
I E-997 |
1 1
I LOCATE IN LIGHT PATH |
1 1 1
1 I
1 1
I PROMPT FOR STRIP INPUT |
I SIGNIFY -READY' CONDITION |
1 1
1
DETECT STRIPS
POWER UP BULB (RAMP/OPERATING) | | INFLATE AIR BLADDER |
I I I
CHECK VOLTAGE AND INTENSITY LIMITS
ACCEPTABLE
RESET TO
BY
HITTING
CYCLE STAKT-
UNACCEPTABLE
I
I E-998 |
I I
START
COUNTS OUT
COUNTER
CLOSE SHUTTER
| OPEN SHUTTER I | SIGNIFY EXPOSURE UNDERWAY |
-I I I
I INDICATES END OF EXPOSURE |
| (REMOVE STRIPS) |
I . I
I PROMPT FOR ADDITIONAL STRIPS
I (READY LIGHT )
I CYCLE TO STANDBY AFTER TIMER |
I TIMES OUT (45 SECONDS) |
I I
APPENDIX II 3^
OVERALL VIEW
TUNGSTEN SOU
SENS/ramri't
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OVERALL VIEW (panels removed)
APPENDIX II 36
CONTROL PANEL FILTER WHEEL LIGHT HOUSING
LIGHT SOURCE POWER SUPPLY PROGRAMMABLE CONTROLLER
DATA INPUT PANEL
APPENDIX II 37
FILTER WHEEL/LIGHT HOUSING
DRIVE MOTOR : FILTER WHEELS
m
m
GENEVA GEAR DISTANCE SCALE
POSITION DETECTORS LIGHT HOUSING AIR DUCTS
APPENDIX II
WEDGE/AIR BLADDER ASSEMBLY
PLATE FRAMES ......
FILM DETECTORS *
AIR BLADDER
WEDGE FRAMES
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PROGRAMMABLE CONTROLLER
INPUT/OUTPUT BOARDS DATA INPUT PANEL
CONTROL PANEL
ENTER TEST CODE
STANDBY '.
BATTERY LOW ""M '"
ENTER No. OF STRIPS
fti
READY EXPOSING
MAIN POWER
*****
TEST CODES **
, REMOVE STRIPS
ONE/TWO STRIP/TES1
CYCLE START
** LIGHTS ON/OFF
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WEDGE FRAME
*'
FILM SLOT
,. E.K. M-TYPE CARBON WEDGE7
MASK
"",w " TIMING MARKS
ms
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APPENDIX IV 52
GENERAL OPERATION:
1) Make sure sensitometer is connected to a 110 v power line and
pressurized air.
la) Note: If the 'TBatt Low' light located on the control panel is on,
notify foreman immediately.
2) Turn sensitometer on by pulling the red 'Mushroom' button located
on the lower left corner of the control panel. The lights on the
control panel should come on.
3) If the lights on the control panel do not come on, notify foreman
and assure that all access panels are securely in place.
4) As directed by the panel lights, input the appropriate test code for
that product by toggling the test code lever switches. Also input the
number of strips necessary for the test by turning the 'Number of Strips'
knob to one or two. Imputing a new test code can only be done when in
the 'Standby' mode, see 5a) for instructions on how to get into the
'Standby'
mode.
5) When the correct test code and number of strips have been entered
hit the 'Cycle Start' button.
5a) If an error is discovered at this time or a different test code desired,
new information can be input when in the 'Operating' mode by hitting the
'Cycle Start' button again to return to the 'Standby' mode.
6) When the sensitometer has completed the appropriate exposure set-up the
'Ready' light will come on. Strips may then be input emulsion side
facing the the rear of the machine (away from the operator). If only
one strip is being tested it may be input in either slot. Do not insert
any strips prior to the
'Ready' light coming on.
7) The 'Exposing' light will be on during the exposure. Do not attempt to
remove strips until the exposing light goes off and the 'Remove
Strips'
light comes on.
8) If additional strips of the same test code are to be tested, they
may be inserted the sensitometer is in the
'Ready'
mode. If the
sensitometer has returned to the 'Standby' mode press the 'Cycle Start'
button and repeat the procedure.
9) If strips of a different test code and/or a different number of strips
must be tested proceed to step 4).
10) Imputing new test codes /exposure information must be conducted by the
foreman or other authorized personnel.
11) Three error codes may appear in the in the 'Test
Code' display, they are
the numbers E999, E998 and E997. Each error code has its own meaning and
is listed below with steps to resolve:
E999 - General positioning error
- retry operation, check test code
- upon second failure contact foreman
- may require input of new test code
E998 - Voltage and/or bulb intensity error
_ see section entitled 'Programmable Controller
Tests'
E997 - No wedge or plate in selected slot
- retry operation, check test code
- upon second failure contact foreman
- may require input of new test code
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DATA FROM THE NEW TUNGSTEN SENSITOMETER
EXPOSURE
DA\r COUNT MEAN STD DEV
15 5 831.00 0.96
16 5 829.20 4.08
17 5 833.79 1.90
18 5 831.59 2.88
19 5 828.00 4.06
21 5 829.59 1.52
22 5 831.00 1.19
23 5 831.59 2.88
24 5 826.00 0.70
25 5 827.00 1.39
ALI 50 829.88 3.19
MIDDLE OF NUMBER OF
INTERVAL OBSERVATIONS
822. 2 AA
823. 0
824. 0
825. 2 AA
826. 4 AAAA
827. 4 AAA*
828. 5 AAAAA
829. 0
830. 10 AAAAAAAAAA
831. 9 AAAAAAAAA
832. 4 AAAA
833. 3 AAA
834. 4 AAAA
835. 2 AA
836. 1 A
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ANALYSIS OF VARIANCE: FACTOR = DAY (NEW SENSITOMETER]
DUE TO
FACTOR
ERROR
TOTAL
LEVEL
15
16
17
18
19
21
22
23
24
25
DF SS MS=SS/DF F-RATIO
9 256.08 28.45 4.68
40 243.20 6.08
49 499.28
N MEAN ST. DEV.
5 831.00 1.00
5 829.20 4.09
5 833.80 1.92
5 831.60 2.88
5 828.00 4.06
5 829.60 1.52
5 831.00 1.22
5 831.60 2.88
5 826.00 0.71
5 827.00 1.41
POOLED ST. DEV. = 2.47
--+
INDIVIDUAL 95 PERCENT C. I. FOR LEVEL MEANS
(BASED ON POOLED STANDARD DEVIATION)
15 IAAAAAAAAIAAAAAAAAI
16 IAAAAAAAAIAAAAAAAAI
17 IAAAAAAAAIAAAAAAAAI
18 IAAAAAAAAIAAAAAAAAI
19 IAAAAAAAAIAAAAAAAAI
21 IAAAAAAAAIAAAAAAAAI
22 IAAAAAAAAIAAAAAAAAI
23 IAAAAAAAAIAAAAAAAAI
24 IAAAAAAAAIAAAAAAAAI
25 IAAAAAAAAIAAAAAAAAI
+ + + + + + +
823.5 826.0 828.5 831.0 833.5 836.0 838.5
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SAMPLE SENSITOMETRIC STRIPS
CONTINUOUS EXPOSURE SCREENED EXPOSURE SPECTRAL EXPOSURE
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Michelson and Sccbev Calculation Method
Film Plane /
1 I _i
Dcurce
Illumination E; at film pi a 2 = 'A
-i/:5
12 (dF).r'
filamentF = light flux per unit length
k = constant.
1 = length of filament
r = distance from p-int on filament tc point on film plai
y = distance off optical axis at film plane
x = distance off optical axis at filament
d = source to film plane distance
)E = kF/'l
/ 2 (dX)/d" +
(y-::>-
r2
=
d2
+
(y-::)"
dF = (F/I)dJ_
Therefore E = kF/ld (y+l/Z ) /d
-
(y-l/2)/dl-
*
-uS
Assuming k,F,and 1 as constants defined as ci
E = c/d *tan 1(y+l/2)/d - tan 1(y-l/2)/d:
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CONTOUR PLOT OF RELATIVE LIGHT INTENSITY AS A FUNCTION OF:
- SOURCE TO FILM PLANE DISTANCE
- DISTANCE OFF OPTICAL AXIS
SOURCE TO
FILMPLANE
120 - EEEEEE DDDDDDDDD, , , , , , , ,CCC
115 - EEEEEE DDDDDDDDD, ,,,,,, ,CCCCC
110 - EEEEE DDDDDDDDD, , , , , , rCCCCCC.
105 - EEEE DDDDDDDDD, , , , , , ,CCCCCC. . .
100 + EEE DDDDDDDD, , , , , , ,CCCCC
95 - EE DDDDDDD, , , , , , ,CCCCC BBB
90 - EE DDDDDDDD, , , , , ,CCCCC BBBBB,
85 - E DDDDDDD, , , , , ,CCCC BBBB, , ,A
80 - DDDDDD, , , , ,CCCCC BBBB, , ,AAAA
+ + + +
4 6 8 10
DISTANCE FROM OPTICAL AXIS
SYMBOL : MAGNATUDE :
E 0.999
. 0.998
D 0.996
r 0.994
c 0.992
. 0.990
B 0.989
r 0.987
A 0.985
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